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RELATIVISTIC PHYSICS 



The best introduction to relativistic physics was given by David Hilbert in his Gottingen talk "Die 
Grundlangen der Physik" where the Einstein equations Q in General Relativity were derived by the 
variational principle. In accord with the Gottingen "Foundations of Physics", differences of the trajectory 
of a relativistic particle 



ds=N{x°)dx° 

(1) 



from the Galilei trajectory of a nonrelativistic particle Xj^ — Xg — V-t are the 4-dimensional Minkowski 
space of events (instead of 3-dimensional space) and tree "times" (instead of the single absolute Newton 
time t) required for complete description of the motion of a relativistic particle: 

i. a relative "time-variable" in the space of events as an object of the Poincare transformations of 
a frame of reference, measured by an observer in his frame, 

ii. an absolute "time- interval" s at the particle trajectory in space of events, given as the one-dimensional 
Riemannian manifold, and 

iii. an unmeasurable "time-coordinate" a;° in this manifold as an object of its reparametrizations 
^.i" =SO(x"). 

The reparametrization group in the Riemannian manifold ds = N(x^)dx^ is a new element in compar- 
ison with the frame group in the classical mechanics. In particular, the Hilbert variation 0| with respect 
to the metric component N{x^) leads to the velocity constraint of the type of the Lobachevsky space 
y(M)V(^) = V(2^ - V(|^ = c2. This constraint is a complete analog of the Einstein equations in GR. The 
relativistic postulates ([1]) have firm evidences beginning from numerous experimental facts revealed in 
19th century, including the first dynamo, the concepts of the field nature of electro-magnetic phenom- 
ena formulated by Faraday who gave an idea of unification of all interactions, finishing with Maxwell's 
equations, their interpretations by Einstein, Lorentz, and the Poincare group of these equations. 

Irreducible unitary representations of the Poincare group constructed by Wigner in 1939 0| as the basis 
of quantum field theory Q mean the relativistic classification of physical states marked by their masses 
and spins. The difference between the Poincare group classification of physical states and the classification 
of fields with respect to the Lorentz subgroup (given in the Lobachevsky space of velocities) determines 
the set of gauge constraints. Using these constraints and the second Nother theorem Ogievetsky and 
Polubarinov [5j could restore at the quantum level all field interactions (including QED, GR, YM, QCD) 
besides the Higgs potential and the Penrose-Chernikov-Tagirov action [g, 
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The problem of finite amplitudes of weak quantum transitions between physical states in GR in the 
60s was not so dramatized, like at the present time. Abdus Salam constructed a finite S-matrix element 
in GR using for regularization the superpropagator method developed by M.K. Volkov In the 60s the 
absence of the standard renormalization scheme for GR was not yet considered as an argument to ignore 
the Poincare group classification of physical states in GR, in contrast to the recent models accepted for 
description of recent observational data where this classification of physical states is ignored. 

In particular, the Poincare group classification of physical states [3] does not include the scalar metric 
component that is used now in the accepted ACDM cosmological model |9;, Ji| for explanation of the 
CMB anisotropy. Recall that this classification is based on the vacuum postulate about the existence 
of a state with a minimal energy. The vacuum postulate removes free dynamics of all negative energy 
components including the dynamics of scalar metric component used in the ACDM model as the origin 
of the CMB acoustic peaks. 

The paper is devoted to the application of results by N.A. Chernikov for solution of these topical 
problems of modern Cosmology including the CMB power spectrum, SN data, and the origin of matter 
in the Universe. 

Nikolay Aleksandrovich Chernikov is the outstanding Russian theoretical physicist (16.12.1928 - 
17.04.2007) [ll|. His first steps in clarifying the role of geometry in relativistic physics and stochas- 
tic relativistic motion [l3| were supported by V.A. Fock. Chernikov formulated the kinetic theory of 



relativistic gas, including the Boltzmann-Chernikov distribution function [13, Together with his 



coauthors Chernikov supposed and developed the conformal invariant theory of scalar field The idea 
of the vacuum cosmological creation supposed by Chernikov and his pupils j3,E3| independently from L. 
Parker [l3| was very highly estimated by Ya.B. Zel'dovich, A. A. Starobinsky, and A. A. Grib (see [l7l.[l8|). 

We show how these Chernikov's results help us to solve the problems of description of the SN data and 
CMB anisotropy without violation of principles of quantum relativistic physics associated with Poincare, 
Einstein, Hilbert, Wigner, Dirac and other scientists. 



MODEL OF A RELATIVISTIC UNIVERSE 



The modern cosmological approaches including the widely accepted ACDM model 13, H, 23| are based 
on the General Relativity (GR) supplemented by the Standard Model (SM) [ilj and by an additional 
scalar field Q governing the Universe evolution [22| : 



Sv[F] = j ct 



--R{g) + Csm{F) + ^^,Q^^'Q - Vu(Q) 
6 



(2) 



in the Riemannian space with the interval ds^ = g^^dx^dx'^ , where F = f,v,4> \s, & set of the SM fields, 
fermion /, vector v, and scalar 4>. Throughout the paper we use the units h = c = Mpianck-\/ 3/ (Stt) = 1. 

In accord with the so-called cosmological principle introduced by Einstein and Friedmann [23|, l2J|, all 
local scalar characteristics of the Universe evolution averaged over a large coordinate volume Vo = J d^x, 
i.e. zeroth harmonics. 



\oga^-^ [d^x log 15(3) I , {4>)^^ I d^x<j), (Q) ^ -1 
6Vb J Vq J Vq 

depend only on the world time dt = a{rf)dri in the conformal-fiat interval 



d^xQ 



(3) 



ds2 ^ a'{,^)[{d7^f - ^(da;J)2] ee 0^(77)^5 , 



(4) 



where drj = 7Vo(a;°)(ia;° is the diffeo- invariant conformal time, and Nq{x'^) 
variant global lapse function arising in the second term of the action 



.gg°")-i is the diffeo- 



Sv[F] 



Sv[a\F] 



Vb / drja'^, a' = da/ drj, 



(5) 



i)=0 
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that emerges after the conformal transformations of fields in action |[2]) [isl . [ j^. [i?!. [28| . The choice of 
interval ^ in action |[5|) is known as the cosmological approximation of GR [2J, 129(1, where the inverse 
scale-factor, a~^{f]) = z + 1, is treated as the redshift of an atomic spectrum of an observable cosmic 
object being at the coordinate distance r = T]Q — r]; here t]q is the present-day value of the conformal time 
distinguished by a(?7o) = 1, and f] is the instance of the photon emission by an atom in the given object. 
In this approximation, the Hilbert variation of the action with respect to the diffeo-variant global lapse 
function -/Vo(a;") gives the diffeo-invariant cosmological equation treated as the energy constraint [H 

a" = Ma)^^^-§^^a'[{<l>V + {QV]+a'[ym,M))+yum^ (6) 

where pu(a) is the conformal density and the field energy Hqft(-F) is the standard component of the 
energy-momentum tensor of all fields F 



Hqft[^^]- J2 7ip_,ujF,i{a) + Hn4F] 



(7) 



in any QFT model in the fiat space-time with the interval ds given by Eq. |[4]), where — y t //tp 

is one-particle energy with the particle masses mp defined by the zero mode of the Higgs field mp = 
gFa{r]){(l)){r]) = 3f(0)(?7) with the corresponding coupHng constant gp, and nF,\ — [F^ ± F^ ^i']/'^ 
(with a positive sign for bosons and negative for fermions) are the field occupation numbers in terms of 
the holomorphic variables F^ defined by decomposition over momenta 0, [H, 3^, III: 



F{r],x) = ^ ^ CF{a,u;F,\) ^ 



27r 



1/3 



1; 



here CF{a,ujF,\) is the normahzation factor determined by the Hamiltonian approach [21 
these fields 



SSv[a\F] 
SF 



= 



drj=N{x°)dx° 



(8) 

Equations of 
(9) 



describe a trajectory of a Relativistic Universe (RU) in its field space of events [a(77)|i^] [32| as an analogy 
of the trajectory of a relativistic particle ([1]). The Hilbert foundations of relativistic physics [l| guarantee 
that the complete description of the RU evolution can be fulfilled by three "times": 

i) a relative"time- variable" a in the space of events [0(77) as an object of the frame transformations, 

ii) an absolute "time-interval" dr] at the RU trajectory in space of events, and 

iii) an unmeasurable "time-coordinate" in the Riemannian manifold as an object of reparametriza- 
tions x° ^ = a;°(a;°). 

Really, the RU trajectory Q is completed by its time-like component of a' 

— 2 

the coordinate-distance - redshift relation r(z) at the light-cone interval ds = dij^ 



ao = l 



r{z) =r]o-r] 



da 



o=(z+l) 



^pu{a) that determines 

rfr^ = 

(10) 



This relation is used as the basis of the cosmological studies of modern astrophysical data 13, 13, 13, 2^ ■ 
The best way to formulate the Relativistic Universe model in terms of reparametrization-invariant 
observables and their initial data is to use the Dirac Hamiltonian approach to the action ([5]) in the fiat 
space-time approximation given by Eq. ^ 2^ 3^ 



d 



P(Q)d(Q)+P(^)d((/))-Fiogadloga+[Pfog„ - El{a)] 



Noix°) 



dx'> 



(11) 
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where Pp, Pioga = 2Voaa' , P(0) 
In this case 



= 2a^Vb(0)', and P(q) = 2a^Vb(Q)' are the canonical conjugate momenta. 



E^(a)E 



4K/a^ [ymeM)) + Vc/((Q))] + 4Vba^HQFT(P) 



(12) 



can be considered as a square of the Universe energy because log a is treated as a Universe evolution 
parameter and the global lapse function A^o becomes the Lagrange multiplier. Variation of the latter 
leads to the energy constraint ([6]) in its Hamiltonian form 



logo 



Eu(«) - 0. 



(13) 



Quantities {(f>) and (Q) are the solutions of the equations of motion following from the emerging 
cosmological GR&SM action ifTTj) with the initial data for the zeroth harmonics ^ at the instance 77 = 0: 



0(77 = 0) = ai, 



(0)(77-O) 



Mw 



Plogai — Eu(a/), 



P 



gw 

{Q){v = o) = Qi, 



{<t>)i 



0, 



(14) 



igid- 



These initial data as a natural source of symmetry breaking in the Higgs doublet allow us to impose the 
zero potential conditions on the scalar zero modes Vniggs ((</')) = 0, \I\]{{Q)) = [34]. 

However, as it was revealed in [iBi, the Wigner unitary irreducible representations of the Poincare group, 
and the quantum theory of a Relativistic Universe are not compatible with the accepted Lifshitz-Bardeen 
cosmological perturbation theory, where reparametrization-invariant conformal time is considered as an 
object of general coordinate transformations (frame transformations are not separated from the gauge 
ones) and the Hamiltonian approach is failed due to double counting of the scalar metric component. 
Moreover, the ACDM approach can be criticized because it uses scalar metric components with a negative 
energy contribution which have to be excluded, according to the Poincare group classification of physical 
states of metric components . 

The conformal variables P, ds^reveals the fact that the scalar field infiation scenario considered in terms 
of standard variables P, ds = ads can be fulfilled only in the class of constant scalar fields P^ = 0: 



d'nd^xa'^y{(p) 



0=constant 



drjd^xa A, 



where the scalar field potential produces the energy density Pconst. = a A = HqU^Ha- Since the present- 
day value of the A-term is not equal to its initial data A/ 7^ Aq, one needs the kinetic term too. However, 
both the scalar field kinetic term and the potential one 



/ drjd^x [a^icl^' f 



Xa 



4 j,41 



Pa=P4,/a 

0c — 0tl 



— / drjd X 



P,0'- (loga)'P,</), 



p2 

^ c 
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(15) 



2a^0', can lead to integral of motion that corresponds to the radiation dominant conformal 



-ffo ^radiation, instead of a sum of rigid state and infiation expected in [35!, l36|. In particular 



where P^ 

density p ^ ^ ^ ^ 

this formula signals that dynamic scalar field infiation announced in H, 3^ cannot exit. In this example 
(fT5| , the integral of motion shows us that the phenomenon of dynamic scalar field infiation is an artefact 
of the choice of nonadequate variables. However, formula (fT5| contains the term (loRa)' Pr4>r. as a source 
of an intensive creation of scalar particles in the Early Universe revealed i n 13 ill f or the longitudinal 
components of vector bosons. Thus, instead of dynamic scalar field infiation [35|, |36| we obtain effect of 
an intensive creation of scalar particles in the Early Universe. 

In the following, we show that there is a possibility to solve the problems of the Wigner relativistic 
classification of physical states in modern Cosmology 0| (rejecting ACDM model) and the absence of 
dynamic scalar field infiation announced in H, 3^ using the Penrose-Chernikov-Tagirov dilaton gravity 



dy] 

a 



in order to describe of SN data and the CMB power spectrum. 
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SN-DATA IN THE PENROSE-CHERNIKOV-TAGIROV DILATON GRAVITY 



Recent data on the luminosity-redshift relation obtained by the Supernova Cosmology project |37l.l38l| 
point out an accelerated expansion of the universe within the standard Friedman-Robertson- Walker 
(FRW) cosmological model. The accelerated expansion can be achieved by the A term. An alternative 
description of the new cosmological supernova data without a A- term was fulfilled in usmg 
Weyl's geometry of similaritv |42l|. 

As it was shown by Weyl [42| already in 1918, conformal - invariant theories correspond to the relative 
standard of measurement of a conformal - invariant ratio of two intervals given in the geometry of 
similarity as a manifold of Riemannian geometries connected by conformal transformations characterized 
by a measure of changing the length of a vector on its parallel transport. The original Weyl theory 
was based on the measure of changing the length of a vector on its parallel transport as a vector field 
leadin g to the physical ambiguity of the arrow of time pointed out by Einstein in his comment to Weyl's 

H, 4^, 431 it was found that the geometry of 



paper [42|. However, in Dirac's paper [43| and other |44l . 
similarity can be realized in the case when the vector field is replaced by the gradient of a scalar field - 
dilaton D. In this case, we obtain the dilaton gravitational theory, i.e. Dilaton Gravity (DG). The DG 
action ^dg coincides with the Penrose-Chernikov-Tagirov action 0, 0| with the opposite sign. 



Si)G{D,g) = -SpchT{e^ ,9) = - d 



(16) 



This theory emerges from the Einstein one ^gr = — j d^x^/^R{g)/(!> after a scale transformation 
St)G — Sgr{9 = ^^^g)- However, the main difference of DG from Einstein's GR is the DG measurable 

interval ds = dsi^ /ds2^ which is free from any scale including the scale cosmological factor. In this case, 
the role of the scale cosmological factor is played by the dilaton zero mode log a — (D) , so that in the 
cosmological approximation the model given by the action ^ appears, where conformal variables and 
coordinates F, ds are identified with measurable ones, and any dimensional parameter can be introduced 
by the initial data. ^ ^ 

The identification of measurable quantities with the conformal ones F, ds changes the numerical analysis 
of supernovae type la data [13, [Hi, because instead of the Standard Cosmology (SC) distance - redshift 
relation i?sc(^) = Ji^^^ (tapg^^'^{a), a{z) = 1/(1 + z) one uses the Conformal Cosmology (CC) 

distance - redshift relation Rcc{z) — Ji^^^ dapQ^"^ ia). 

The analysis in terms of the conformal measurable quantities [H, 4^, 41 1 shows, in contrast to the ACDM 
model, the dominance of the rigid state (pcc(a) = ^^o^rigid/a^, yTirigid ^ 1, o.[vi) = \Jl + 2Ho{r] — r]o)) 
in all epochs of the Universe evolution including the chemical evolution, recombination, and SN data. In 
the case of the rigid state the conformal horizon 



a(z) = {z+l)~ 



d{a) = 2 



da 



VPCcia) 



(17) 



coincides with the inverse conformal Hubble parameter dii^ia)— o^Hq^ = ^rig^dC*^) ^'^^ value of the 
cosm olog ical scale factor. This Conformal Cosmology [39..,4Cl.l4l| is not excluded by modern observational 
data 4J 



COSMOLOGICAL PARTICLE CREATION AND THE CMB POWER SPECTRUM 



The main consequence of relativistic principles is the cosmological creation of primordial particles from 
vacuum [3, [H, 25,[3l| as the origin of the Universe and its matter treated as "Big Bang". 

The sources of vacuum creation of primordial particles are in the linear differential form in action (fTTj) 



d^:,'£PFdoF='-Y^ {F+,doF--F-doF+,) + '-Y^[F+,F+~F-F:,) doA^. 

F F,l F,\ 



(18) 
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In fact, the transformation ([8]) to measurable quantities of the occupation number and one-particle energy 
leads to the second term on the right hand_side of the above equation with the following coefHcients: 
Ai^^^T J = log y/uj^, ^F=vi\ = ^oga/y/uj^, ^F=h.q = loga^/cIT^, Ap^q j^tt = log a; here v = v^^+v'^ are 
conformal fields of W and Z vector bosons, / are fermions, h"^^ is graviton, ft. is a massive scalar (Higgs) 
particle (see the massive vector theory in detail in [31, 50]). 
Due to the source terms in the form ifTS]) the field equations 



a„F±(k,77) = ±iwj.F±(k,77) +a^Ai.(77)FT(k,77) +i[Hint,i^^(k,77)] 



(19) 



are not diagonal. In order to obtain integrals of motion in the approximation Hint 
are diagonalized by the Bogoliubov transformation of the operator of particle F^^ 
the free equations of motion of the Bogoliubov quasiparticle become diagonal drjb^^ 



0, these field equations 
l3*bp^, so that 



iiojbbp^, where 

UJb is the quasiparticle energy HSim. The stable vacuum is defined by 6^ JO >= 0, where bp^^ is the 
operator of annihilation of a quasiparticle. 

One can assume (sol . IsH that at the initial instance 77 = there were no any particle-like excitations, 
< 0|n^|0 > (?7 = 0) = 0, and hence the temperature was equal to zero. So the matter content of the 
Universe could appear as the final decay product of the primordial vector bosons and the Higgs one 
created from vacuum, in accord with the Bogoliubov vacuum expectation value 



J^Q i irigid 



E 

F=h,QJ,v 



(2^ 



ujp^k\l3FM^B{-k,TF), 



(20) 



1 -v/k^ + m?pr.a'^{z) — mpQa{z) 
where pp.k are the Bogoliubov coefficients and B[k., Tp) = ^ exp — — 1 

is the distribution function arising due to interactions in (fT9|) [sH- This function coincides with the 
Boltzmann-Chernikov one l3, l3|, when the exponent is greater than unit. 

The boson temperature Tp ~ To can be estimated in the standard way from the relation between the 
free length rp = [n(Tp)(Tp scat]~^, number density n{T-p), and cross section crp scat- If the free length is 
identified with horizon (fT7|) . rp ~ d{a), we have the collision integral kinetic equation 



n(rp) ~ [ctp sc&t{a)d(a)Y 



(21) 



accepted in the present-day cosmological models [31l.l52l|. 

In the set of arguments was given in favor of that this formula l(2T|) . initial data, and SM hep-data 
give us all cosmological parameters, if one supposes that the rigid state Prigid = P dominates for all epochs 
including the beginning of the Universe when primordial vector bosons and Higgs particles were created 
from vacuum and their wavelengths coincided with the horizon length, in particular 



[aziMz 



azi-(i^o/Mzo)'/' = 2.68-10- 



15 



(22) 



One can suppose that the collision integral kinetic equation (pT|) is valid for estimation of the present-day 
value of the CMB temperature Tp ^ Tq, if CMB is considered as the final decay product of the primordial 
bosons created from vacuum. 

In order to describe the CMB anisotropy, the collision integral kinetic equation ((211) can be generaHzed 



to the anisotropic decays Tq ^ To + AT, crp scat (a) cp scat (a) + 1727, so that we obtain a formula 



AT 


1 


0'27 


To 


~ 3 


CF scat (a) 



^QED 



10" 



(23) 



that allows us to establishprocesses that form the CMB anisotropy using the observational value of the 
CMB anisotropy 10~^ HI, H^l- This value testifies to the dominance of the two photon processes. 



Therefore, the CMB anisotropy revealed in @,[53,[53| in the region of three peaks ii ~ 220, £2 — 546, and 
£3 ~ 800 can refiect rather parameters of the primordial bosons and their decay processes, in particular 
h — > 77, W^W~ — > 77, and ZZ 77, than the ones of matter at the time of recombination, as it 
is accepted in the ACDM model where the scalar metric components are used as dynamical variables 
[iot which are not compatible with the Poincare group classification of physical states [isl. [j^. [2^ . The 
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spectrum of the Higgs and vector boson masses nih, Mz, Mw can be obtained from the CMB power 
spectrum using the Gamov identification of the energy of the processes with the product of their redshift 
z-factors {zp + 1) and the present-day CMB temperature Tq = 2.725 K = 2.35 • lO^^^ GeV 

Mpo^To{zp + l). (24) 

The z-factors {zp + 1) of the present day processes energy can be expressed through the redshift 

{Zpd + 1) = (zp + l)aL (25) 



of their primordial values Mpj = Mp^apj, where api is defined by Eq. l(22|) and ol is the universal 
factor for all processes characterizing the CMB spectrum at the time of its establishment. 

The initial data reference redshift {Zpd -f 1) is defined by values of multipole momenta at the CMB 
anisotropic peaks that can be obtained using the accepted formula [H^l 

~ ~ 

£pd - d{apd)Mp{apd) = d{apd)Mpo = ^ = {Zpd + l)^ (26) 

"■PI 

where d{apd) = aj^^HQ^ is the conformal horizon lfT7|) at the instances of the two photon processes (P) 
marked by the cosmological scale factors apd and a^j — Hq/Mpq in accord with Eq. l(22|) . 

Using formulae (|24l) - l(26l) one can obtain the final formula that expresses the boson spectrum through 
the power spectrum of the CMB multipole momenta 

Mpo = Mzp + 1) = T^a^^Zpd + 1) = n{Zpd + 1) - TL^p/j*, (27) 
where Tl — 9.8GeV is defined by the boson masses: i^l/'^ = , £^J^ = , so that 



1.134 w ( ) = I — 1 ^ 1.136. (28) 

Formula l(27|) predicts the Higgs mass as 

/ £ \ ^^^ /220\ 
mh = 2Mw{f] =2Mw[ — \ ^ 118GeV. (29) 

This value of the Higgs boson mass is close to the present fit of the LEP experimental data supporting 
rather low values of the experimental limit mh > 114.4 GeV (HHl- 



1/3 /onn\i/3 



/800\ 



THE RELATIVISTIC UNIVERSE SCENARIO PROBLEMS 



In context of relativistic physics the topical problems of modern Cosmology are the following: 

1. the acoustic explanation of the CMB power spectrum by the dynamical scalar metric component 
is not compatible with the relativistic classification of physical states, because the latter do not contain 
this component. 

2. the absence of the dynamical scalar field infiation (as it was shown in Eq. I|15p . 

3. the lost of physical meaning of concepts of the "particle mass" Mp and "temperature" T(a) at the 
limit of small horizon before the Planck epoch, when H(a) > Mp,T{a). 

We discussed possibilities to solve these problems by the Chernikov-Parker cosmological vacuum cre- 
ation of vector bosons and the Higgs particle with Chernikov kinetic theory of relativistic gas in the 
Penrose-Chernikov-Tagirov Dilaton Gravity. 

However, in order to realize these possibilities, one should consider the following problems. 

1. The Hamiltonian approach to the conformal- invariant unified theory. 

Like the Copernican assertion that we can measure only a difference of coordinates pointed out the 
Galilei pathway to the Newton mechanics, the Weyl assertion that we can measure only a ratio of two 
intervals can point out a pathway to one of the conformal-invariant unified theories. 
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The RU model is based on the Penrose-Chernikov-Tagirov conformal-invariant unified theory 01 

Snv[D, F^''^] = SuiF^") = e"-°F(")] (30) 

where S'u[-F'-"''] coincides with the sum of GR and SM ([2]) with the initial data given in the CMB frame of 
reference, where the physical variables and fields are chosen. The CMB frame is given in the space-time 
with the finite volume J cPx — Vq (compatible with the dark sky at night jH3|), the geometric interval 



— i 2 

ds — UJ(n\ — UJ 



J{0) 



"(0) 
„2D 



2 



(31) 
(32) 
(33) 



the unit spatial metric determinant \e(f,)i\ — 1, and the particle masses m{D) — e^mo. In accord with 
Einstein's cosmological principle ([3]) [23| zeroth harmonics of all scalar fields including the dilaton one 
(D) = Vq~^ J d^xD = log a are separated D = (D) + D. 

Just this separation allows us to identify (D) with the logarithm of the cosmological scale factor a 
(considered in Cosmology as the evolution parameter in the field space of events) and introduce the 
Misner diffeo-invariant time-interval defined as [Sal 



dT 



drj 
a?{Ti) 



dx°{N^ 



dx^No, 



d7 = ^^^ = \iW/^'^ 



(34) 



The action l(30|) after the separation of cosmological scale factor a — e^^^ coincides with the corre- 
sponding action of the type of ([5]) obtained from In particular, the Dilaton Gravity ((30l) with a set 
of free scalar fields D,4>,Q takes the form 



x\/ —g 



--R{g) + d^ 



SltV + Vo J dT[-{drDy + {dr(by + {drQY 

T = 

V 

zeroth — mode contribution 



RU 



St 



(35) 
(36) 



where 



RU 



dx° / d^xNd 



T = 
To 



-'(a)(6) 



„4_D 



i?(3)(e) + 8e-^/2Ae^/2 



dx° / d^xNd 



T = 



is the action of the local field variables, 



(37) 
(38) 



V(a)i 
V-r 



(do - N'di)D ~ -diN' 



Ha)tV(b) + «(6)«'^(a) J . 



1 



1 

1 

1 



(39) 
(40) 
(41) 
(42) 
(43) 
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are velocities of the metric components and scalar fields, A?/' = ^^(e^^^e^^^SjV') is the covariant Laplace 
operator, '-^^R{e) is a three-dimensional curvature expressed in terms of triads e(^a)i- 



(3) 



R{e) = -29„ [e'(b)CT(c)|(6)(c)] - Cr{c)\(b){c)(^(a)\{b){a) + %)|(d)(/)^(/)|(d)(c 



Here 



o'(a)|(b)(c) = e-|^)Vie(a)fce 



A; 
(b) 



(44) 



(45) 



are the coefficients of the spin-connection (see [26]), Viei^ci)j = 9ief^a)j — ^ij^{a)k are covariant derivatives, 

and r*=^. = ^e^j,)(9ie(fc)j + ^Je(^^,)^)■ 

The Wigner-Poincare classification excludes physical states with negative contribution of the kinetic 
energy of the type of local dilaton —v^ in action l(35|) . This means that one can impose the additional 
constraint of zero canonical momenta of the local dilaton field 



Pd 



(46) 



The last constraint, in the Dirac approach to GR 25, 3|, means that the velocity of the spatial volume 
element is equal to zero, and it leads to the positive Hamiltonian density. 

This Dirac constraint (|46l) is the consequence of the relativistic classification of physical states in the 
theory l(30|) . This classification is not compatible with both the KCDM model, and the Infiationary Model 
"ssl . 3a |. In these models the CMB (treated as an object of relativistic transformations) is described by 



the dynamical scalar component (forbidden by the relativistic classification of physical states) . 
The calculation of all canonical momenta including l(46|) and 



P(ab) 



P(b) 



lel^)y{ab), P^='2i^, Pq^ 2vq, 



Pd = 2Vodr{D), P(^) = 2^0(5.0), P^q'^ = 2Vo{drQ) 
allows us to represent the action i|30p in the Hamiltonian form 2^, 2^ 



P(b)9oe(^) - p^doD + p^docj) + PgdoQ - NdTd - C 



where 



+ {P{Q)d{Q)+P(^)d{^)-PiD)d{D) + 



(D) 



p2 



p2 



4K) 



iVo(x°)dx° 



E 



JD 



(47) 

(48) 
(49) 



(50) 
(51) 

(52) 



/=0,2,3,4,6 

is the sum of local field energy densities 7} including the gravity density defined in 3, H, , and 

C = iV(fc)rO) + Aop^ + A(,)9feef„) (53) 

is a sum of the Dirac constraints with corresponding Lagrangian multipHers, including three first class 
constraints 



T, 



^ 1 



(0)(a) = -J>D^(a)^+ o^(a)(PD^) + 2P(b)(c)Cr(6)|(a)(c) - +;>^a(h)0-|-pQ9(f,)(3, (54) 



and the fourth second class ones 



Pd - 



(55) 
(56) 
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where A/'(b) = A^(b) /A^o , -^o is given by Eq. l(34|) . The latter (|56| is the analog of the Dirac condition of the 
minimal 3-dimensional hyper-surface [33| in GR that gives a positive value of the Hamiltonian density. 
We can see that the accepted Einstein Eqs. 

-eH„-^^T(.)(,)=0 (57) 

coincide with the Einstein equations in infinite volume beside the energy constraint 

_SS^ ^ ^jp) ^i,) ^(9) _ ^ 



One can see that the Einstein equations (|57|) play a role of a set geometrical constraints, rather than the 
energy-momentum tensor components. In particular, the energy constraint l(58|) shows us how the Einstein 
cosmological principle |(3| solves the problem of energy in finite space-time by averaging energy constraint 
(|58l) over the volume Vq. This averaging defines the Universe energy as one of the constraint-shell values 
of the evolution parameter momentum P^^j^ 



Eu = P{D) - P{^) + P{Q) 



(59) 



in accord with the Wigner-Poincare classification of relativistic physical states in the CMB frame. This 
definition leads to the luminosity-distance - redshift relation ifTOj) in the case of the rigid state dominance 

a(z) = (z+l)-^ 

r{a) Vo f da^ _ 



t[z)^Ho^^-^ / =z+ (60) 



a? J E 





-u 



This luminosity-distance - redshift relation does not contradict to the recent SN data [33| in the framework 
of the Conformal Cosmology 3^, 4^, 41 1 . The substitution of the energy (|59l) into the energy constraint 



^ d^Pi^D) = (Td), Td - (Tn) = 0, (62) 



(|58l) gives us the diffeo-invariant local lapse function 

M = {tI'^)T-"' (61) 
in the interval ((33l) . where the dilaton field D is defined by equations 

_ 5S_ 
^ SD 

Tz, = ^{7AAe7^/2Ae^/2-|-e^/2^ [AAe^^/2]|^_^ ^ j^iDj-^ (g3) 

/=0,2,3,4,6 

In the case of the scalar fields (massless or massive) with initial data lfT4|) the theory is reduced to the 
version of the Universe considered before in previous Section with cosmological creation of the scalar 
fields (massless or massive ones if there are potentials) , where the collision integrals and temperature is 
completely determined by the Einstein equations, their initial data, and constraints l|55p - (|63|) . It was 
shown that the cosmological perturbation theory for (e-° , A/", A/'(b) ) is the cosmological generalization of 
the Schwarzschild solution |2S|. 

In this case the Universe is a factory of scalar particles created in the homogeneous background of their 
zeroth modes. The densities (|52l) and l(63|) keep only component / = 2 of the radiation or massive one 
/ = 3. Their parameters can be approximately described by the collision integral (|2T1) . The problem is 
to consider this scenario in the SM. 

2. The initial data Higgs effect in Cosmology. 

In DG, the Higgs effect is provided by the initial data lfT4|) . In particular, the U{1) model in the 
cosmological approximation D ~ (D) = log a is given by the action and Lagrangian 



Si ^ j dr] J d-'xCi, (64) 
A = -i[a^A.-9.^J' + a='|(9^(/'-ieA^)0P+^(ia + ei + a|(/.|)V^-a4v,^.^(|</,|). (65) 
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After transition to physical variables (f) — e*-^|0|,V' = e ^^f,Afi = — {l/e)dfj_x this J7(l)-Lagrangian 
takes the form 

Ci = -^[d^B, - d,B^,Y + e^a'\d)\^{B^f + a'{d^,\c^\f +J{id + eB + a\^\)f - a^Ve/zd^l), (66) 
where a|(/)| — \4>\ — a{4>) + and / d^xh{r],x) — 0. The consistency conditions 

rfVe// ((</>)) 



Ve//(0l) = 0, 



= 0. (67) 



should be imposed in order to keep free dynamics of the zero component (</>) as a solution of the variational 
equation [a'^{(j)'}]' = with the initial data {(f>'){r] = 0) = and {<j)){r] = 0) = 0i 
The problem is to fulfill this analysis in SM. 

3. Kinetic theory of the primordial particle vacuum creation. 

To get a more accurate estimate of the Higgs mass and a better description of the CMB power spectrum 
within the model under consideration, one has to perform an involved analysis of the kinetic equation 
[l3| for nonstationary processes of primordial particle creation and subsequent decays. 

In particular, the lifetime t/l of product bosons in the early Universe in dimensionless units tl — r/L/r]i, 
where rjj = {2Hj)~^, can be estimated by using the equation of state 0^(77) = aj{l + TL) and the M^-boson 
lifetime within the Standard Model. Specifically, we have 

2Hism^0(w) 2sin2 6'(H/) ^ ^ 

^ + TL = ; ; ^ 7==, (68) 

aQEDMw(llL) aQEDVl + '^L 

where 9(^w) is the Weinberg angle, q;qed = 1/137 is the fine-structure constant, and Mj/Hj ~ 1. 

From the solution to Eq. (|68l) . tl + 1 = (2 sin^ 0(vk)/o!QEd)^^^ — 16 it follows that the lifetime of 
product bosons is an order of magnitude longer than the Universe relaxation time: 

rL=77L/?7/^16-l = 15. (69) 

The problem is to obtain the parameters of the diffusion reaction system arising in this case from the 
Standard Model computing the relevant cross sections and decay rates. 

4. Baryon-antibaryon asymmetry of matter in the Universe. 

In SM, in each of the three generations of leptons (e,/i,r) and color quarks, we have four fermion doublets 
- in all there are Ul = 12 of them. Each of 12 fermion doublets interacts with the triplet of non-Abelian 
fields = {W^-'> + VF(+))/V2, = - W^(+))/V2, and A^ = Z/cos6'(i^), the corresponding 

couphng constant being g — e/ sin0(vi/)- It is well known that, because of a triangle anomaly, W- and Z- 

boson interaction with lefthanded fermion doublets 7/;}^, z=l,2,...,nL, leads to nonconservation of the 
number of fermions of each type (i) HI, 5^, 6o| . 

= (70) 

where F^,^ = is the strength of the vector fields, = - + ge°-'"'A'l^A''^. 

Taking the integral of the equality in (|70|) with respect to conformal time and the three-dimensional 
variable x, we can find a relation between the change 

dv I d'xd^j^j^l = F(')(7?o) - F(^)(77/) = AF(') (71) 



VI 



of the fermion number F^*) — J d^xj^^ and the Chern-Simons functional F^^*F^^, so that after integration 
Eq. JTO]) takes the form 

AF«=7Vcsy^0, z = l,2,...,ni. (72) 
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The equality in (|72l) is considered as a selection rule - that is, the fermion number changes identically 
for all fermion types: Ncs — '-^L^ — AL^ = AL'^ — AB/3; at the same time, the change in the baryon 
charge B and the change in the lepton charge L = L"^- + L^^ + are related to each other in such a way 
that B — L is conserved, while B + L is not invariant. Upon taking the sum of the equalities in ((72l) over 
all doublets, one can obtain A{B + L) = 12Ncs [60]. 

We can evaluate the expectation value of the Chern-Simons functional (|72l) (in the lowest order of 
perturbation theory in the coupling constant) in the Bogoliubov vacuum 6|0 >= 0. Specifically, we have 



Ncs = A^w ^ / drj / d'x {0\TTF;^,*F;Zm, (73) 



Vl 







where rjL is the W-boson lifetime, and iVw is the contribution of the primordial W boson. The integral 
over the conformal spacetime bounded by three-dimensional hypersurfaces 77 = and rj — t]l is given by 

oc 

A'^w = 2awVo /J'^ drj J (ifc|A:p_Rw(fc, ??), where a^v = aqED/sin^ 9w and i?w — < 0|fe+6+— 6^6^ |0 >b— 

— sinh(2r(?7i)) sin{26{riL)) is the BogoHubov condensate jsij that is specified by relevant solutions to the 
Bogoliubov equations. Upon a numerical calculation of this integral, we can estimate the expectation 
value of the Chern-Simons functional in the state of primordial bosons. 

At the vector-boson-lifetime values of tjl — 15, this yields the following result at — 2,402 x T^/tt^ 

^ ^ ^ = 4a^r3 X 1.44 = 0.8 n,. (74) 

where is the number density of photons forming Cosmic Microwave Background radiation. On this 
basis, the violation of the fermion-number density in the cosmological model being considered can be 
estimated as AF(*)/Vb = Ncs/Vo = 0.8n^. 



According to SM, there is the CKM-mixing that leads to CP nonconservation, so that the cosmological 
evolution and this nonconservation freeze the fermion number at rj — t/l. This leads to the baryon- 
number density (goI . [6i| n^irjL) — XcpAF^^'^/Vo ~ Xcpnylrji,), where the factor Xqp is determined 
by the superweak interaction of d and s quarks, which is responsible for CP violation experimentally 
observed in X-meson decays [63 |. 

From the ratio of the number of baryons to the number of photons, one can deduce an estimate of 
the superweak-interaction coupling constant: Xqp ~ 10~^. Thus, the evolution of the Universe, primary 
vector bosons, and the aforementioned superweak interaction [62| lead to baryon-antibaryon asymmetry 
of the Universe 

rihivL) „ 9 . . 

— - — - ~ Acp = 10 . (75) 

"■7(»7l) 

Thus, the primordial bosons before their decays polarize the Dirac fermion vacuum and give the baryon 
asymmetry frozen by the CP - violation so that for billion photons there is only one baryon. 

The problem is to show that the Universe matter content considered as the final decay product of 
primordial bosons is in agreement with observational data [3l| . 

5. Nucleosynthesis in the Early Universe. 

Calculation of the primordial heHum abundance (13, [i^l takes into account weak interactions, the 
Boltzmann factor, (n/p) e^™/-^ ~ 1/6, where Am is the neutron-proton mass difference, which is the 
same for both SC and CC, Amsc /Tsc = Amcc /Tec — {^+z)^^'mo/To, and the square root dependence 
of the z-factor on the measurable time-interval. 

In SC, where the measurable time-interval is identified with the Friedmann time, this square root 
dependence of the z-factor is explained by the radiation dominance, whereas in Conformal Cosmology, 
where the measurable time-interval is identified with the conformal time 77, the square root dependence 
of the z-factor is explained by the dominant rigid state {l + z)~^ = y/l + 2Ho{r] — rjo). Therefore, at first 
sight the Conformal Cosmology model with dominant rigid state does not contradict to the primordial 
helium abundance 4^, 6^ . This rigid state describes both the cosmological creation of primordial particles 



with the CMB power spectrum (as we have seen above) and the Luminosity-distance - redshift relation 

CC Mm 

l4l| . Therefore, the problem of nucleosynthesis in the Conformal Cosmology should be 



the subject of further study. 
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6. Large-scale structure in the Early Universe. 

The investigation of the large-scale structure in the Early Universe is one of the highlights of the 
present-day Cosmology with far-reaching implications. 

In particular, the comparison of the cosmological perturbation theory in the ACDM Model with the 
Hamiltonian approach to the same cosmological perturbation theory |25] reveals essential differences of 
these approaches and their physical consequences. 

In order to demonstrate these consequences, we consider the case of integrable diffeo-invariant spa- 



cial coordinates, when the simplex components in interval (|33| e^p-^idx^ 
ferentials. The latter means that the coefficients of the spin-connection are equal to zero (T(a)\(b)(c 



(3) 



dx(^i,) are total dif- 



= together with the three-dimensional curvature i?^'^^ = in accord with ob- 
servational data [5j|. In this case, transverse gravitons cannot be oscillators and the renormalizablity 
problem should be reconsidered in both GR and DG. Eqs. (|40l) and (j4l|) take the form 



(76) 



P(f,)(a) = ^V(^ab) - (y^5(a)(b)d(c)J^(c) - d(a)Af(b) - 9(b)AA(„)^ . 



In this case, the transverse components of the shift vector can be defined by 

T{0)ia) = -d(b)P(b)(a) + P^d(i,)l> + PQd(b)Q ^ 



(77) 



while the shift vector longitudinal component is defined by the constraint (|56l) dre^^ — 9(f,) {^e^^N{b)^- 

The lapse function and dilaton are determined as solutions of Eqs. l(52|) . 1(61]) . ll62l) . and l(63l) . Solutions 
of these Eqs., in the first order in the Newton coupling constant, take forms [25, 26] 



1 



cPy 



D(+) {x, y)T\^+) iy) + Di^_) {x, y)T^i^l) {y) 



where Di^j^^(x,y) are the Green functions satisfying the equations 

[±ml^)^ ^]Di^±){x,y)^5^{x-y), 



3(1 + ^) 



*(±) 



[l4(/3±l)r!(o)(z)T%)(^)]i?o^ 



/3 - y^l +[17(2)(z)-141](i)(z)]/[98r!(o)(^)]. 



(78) 
(79) 

(80) 
(81) 
(82) 
(83) 



/=0,4,6,8,12 



f^/=o,4,6,8,i2 are partial density of states: rigid, radiation, matter, curvature, A-term, respectively; and 
Ha is Hubble parameter. 



t\% = T(o)T7/3[7T(o)-T(i)], 

Tg) = [7r(o)-r(i)]±(i4/3)-ir(o) 



(84) 
(85) 



are the local currents. 

In the case of point mass distribution in a finite volume Vq with the zeroth pressure and the density 



T(o)(.) = ^^Am 



6 4a2 

solutions l(78|) , l(79|) take the Schwarzschild -type form 



5\x-y)- 



(86) 



= 1 + :^ 

4r 



Me™'-' 



'_g_ 

4r 



1 + 7/5 

14/3+1 
28/3 



1 - 7/3 



cos TTi^-) {z)r 



Ho=0 



g-m(+)(2)r ^ COS m(_)(z)r 

28/3 



Ho=0 



4r' 



14 



where P = ^/25/49 ~ 1.01/^2, TO(+) = 3m(_),m(_) = Hq^{1 + 3/2. These solutions have spatial 

oscillations and the nonzero shift of the coordinate origin. 

One can see that in the infinite volume limit Hq = 0, a = 1 these solutions coincide with the isotropic 

version of the Schwarzschild solutions in the DG: e^/^ = 1 H — -, Me^^l"^ — \ — 0. However, 

4r 4r 

the analysis of the exact equations l(52|) . (|6T|) . (|62l) . and (|63l) shows us that any nonzero cosmological 
density (T^^) > forbids negative values of the lapse function = (T]/^)/r]/^ > [2i,S[2i|. 



It is of interest to find an exact solution of these equations for different equations of state. 

There are the following differences of this relativistic perturbation theory from the accepted cosmolog- 
ical perturbation theory for (Pl'^ = 1 - */2, Me^~^ = 1 + iVfc = 0, = and H = a'/a 0, 
The ACDM Model treats the scalar metric component as a dynamic variable, omits the decomposition 
of the potential part of the energy density, that leads to spacial oscillations and the large scale structure 
of the Universe, chooses the gauge with the zero shift vector, and destroys the Hamiltonian approach by 
the double counting of the zeroth Fourier-harmonics of the scalar metric component flEl • 

7. Luminosity-distance — redshift relation in CC. 

Assuming that supernovae type la (SNe la) are standard candles one could use them to test cosmological 
theories. The Hubble Space Telescope team analyzed 186 SNe lafs^l to test the Standard Cosmological 
model (SC) associated with expanded lengths in the Universe and evaluate its parameters. The problem 
is to use the same sample to determine parameters of Conformal Cosmological model [3i,[43,lil|. 



CONCLUSION 

After reaHzation of this program one can expect that DG and the Standard Model supplemented with 
a free scalar field Q in the CMB reference frame with the initial data lfl4l) do not contradict the following 
scenario of the evolution of the Universe within conformal cosmology 3l| : 
J] ^ 10~^^s, creation of vector bosons from a "vacuum"; 

lO^^^s < 77 < 10~^^ 10~^''s, formation of baryon-antibaryon asymmetry; 
T] ^ 10^^°s, decay of vector bosons; 

10^^"s < 77 < lO^^s, primordial chemical evolution of matter; 

T] ^ lO^^s, recombination or separation of cosmic microwave background radiation; 
77 ^ lO^^s, formation of galaxies; 

?7 > lO^^s, terrestrial experiments and evolution of supernovae. 

The relativistic physics gives us the Foundations of Relativistic Cosmology of the Universe as the histor- 
ically existing system of classification of observational and experimental facts in physics and astrophysics. 

There are tendencies of modern cosmology to ignore these principles, in particular to replace the 
initial data by the fundamental parameters of the motion equations. However, this replacement leads to 
contradictions in acceptable modern models in applying mathematical tools of the type of the relativistic 
classification of physical states, or the Hamiltonian method because the latter were developed especially 
to solve equations with the initial data. 

Nevertheless, ignoring relativistic classification of physical states and initial data, and confusing the 
gauge transformations with the frame ones [l^, modern cosmological models 13, 35, 3^ treat the CMB 



motion with the velocity 368 km /s to Leo with respect to the frame of reference of the Earth observer as 
object of relativistic transformations of the type of a change of the frame. This change of the frame leads 
to a change of the measurable parameters of the CMB temperature dipole component, i.e. initial data. 

If the CMB and the Universe are gauge-invariant objects of the relativistic transformations, this means 
that the Universe as a whole is an object of relativistic physics as a theory of initial data, including 
Poincare group, its Wigner representations in the form of the frame-covariant and gauge-invariant phys- 
ical states, the Nother theorem gauge constraints, their consequences as derivation of the minimal field 
theories of type of GR and SM, and gauge- invariant solutions of the field equations supplemented by the 
cosmological Initial Data given at the beginning, when there were nothing but homogeneous scalar fields. 
What is Origin of these Initial Data? What are a group of their transformations, irreducible unitary 
representations, the Nother theorem gauge constraints, "field theories", and their physical consequences? 
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